The formation and compositions of lead vanadates formed by the interaction of lead nitrate and different alkali vanadates (ortho, pyro, meta and poly) have been investigated by means of pH, e.m.f. and conductometric titrations between the reactants at several concentrations in the presence of 20% alcoholic media. The well defined breaks and inflections in titration curves provide definite evidence for the formation and precipitation of ortho-3PbO • V20 5 , pyro-2PbO • V20 5 and meta-P b 0 -V 20 5 vanadates of lead at pH ranges 7.5 -9.0, 5.75 -7.25 and 4.25 -5.25 respectively.
The literatu re on the study of vanadates of lead (II) is scanty and m ost of the ea rlie r w orkers h ad confined them selves to the p rep a ra tiv e and analytical study of these com pounds. R o s c o e 1 p repared sp arin g ly soluble lead or^Ao-vanadate P b 3(V 0 4)2 by ad d in g lead acetate to sodium orthovanadate solu tion. E p h r a im and B e c k 2 rep o rted the form ation of lead orfA o-hexavanadate 3 P b O '2 V 20 5-2 H 20 by treatin g m anganese h exavanadate w ith lead n itrate. B e r z e l i u s 3 obtained the yellow precipitate of lead due-tero-tetravanadate P bV 40 11 . D lT T E 4 prep ared lead p y ro vanadate P b 2V 20 7 by p o u rin g am m onium m eta v an adate solution into an acetic acid solution of lead n itrate. R o s c o e (Loc-cit) on m ixing sodium pyro-vanadate an d lead acetate solutions, obtained lead oxy-pyro-vanadate P b O '2 P b 2V 20 7; possibly a m ixture of P b 3( V 0 4) 2 and P b 2V20 7 . C a r n o t 5, Z o l o t a v i n 6 and G u i t e r 7 rep o rted the form ation of lead meta vanadate under different conditions. In view of the insufficient and conflicting details of the rep o rts of ea rlier w orkers on the com position of lead vanadates, and in the absence of any electrom etrie d ata on the subject, it w as considered w o rth w hile to study the form ation an d com positions of lead vanadates, obtained by the interaction of lead n itra te and alkali vanadates at different pH levels, by m eans of electrom etric techniques which have provided m ore conclusive evidences on the com po sition of m etal v a n a d a te s8-12. H ence the present investigation has been undertaken.
Experim ental
Anal. R. (B.D.H.) reagents NaOH, V20 5 , P b (N 0 3) 2 and reagent grade H N 0 3 were used and their solutions prepared in air-free conductivity water.
A standard solution of sodium ortho-\anadate was prepared by digesting one mole of V20 5 in boiling solution of NaOH containing six moles of it. The alkali pyro and meta vanadate solutions were prepared by ad ding two and four moles of H N 0 3 to a solution con taining one mole of ortho-vanadate at 100 °C.
pH and e.m.f. measurements were carried out on Cambridge null-deflection type pH-meter using a wide range glass electrode and a bright platinum foil as an indicator electrode in conjunction with S.C.E. The e.m.f. and pH were noted after each addition of the titrant in small increments which were further de creased in the region of the end point and plotted against the volume of the titrant added. The end points were determined from the sharp inflection in titration curves and the maximum values of dpH/dV and dE/dV.
The conductance measurements were carried out on an electronic eye indicator type conductometer. Twenty ml of the solution was taken in the conductivity cell each time. The corrected conductances were plotted as a function of the ml of the titrant added and the end points were judged from the breaks in titration curves. Using different concentration of reactants, a series of glass electrode, e.m.f. and conductometric titrations were carried out both by the direct and reverse methods [i.e. when P b (N 0 3) 2 solution from the microburette was added to different alkali vanadate solutions and /ice-versa]. The same strengths of reagents were em ployed in all measurements for the sake of comparison of results which have been summarised in table I. Three figures illustrating direct and reverse pH ( fig. 1) 
R esults and D iscussion
S a x e n a and C o -w o rk ers13-15 have shown that the add itio n of acid to alkali ortho-vanadate and N aO H to V 20 5 solutions at room tem perature causes the form atio n of vario u s poly-anions of uncertain com position, but w hen the solutions were heated after each add itio n of the titra n t, three different iso-13 R. S. S a x e n a a n d O . P. S h a r m a , J. i n o rg . n u c l e a r C h e m . 14 R. S. S a x e n a a n d M . L. Ortho-vanadate titrations: T he pH of lead n itrate and alkali ortho-vanadate solutions w ere m easured by a w ide range glass electrode and found to be in the vicinity of 4.5 and 1 2 .0 respectively. added to ortho-vanadate solution a g rad u a l decrease in pH was observed till the stoichiom etric end-point is reached an d after which the sm allest ad d itio n of the titra n t causes a sh arp fall in pH , in d icatin g the com pletion of reactio n and suggesting the form ation of lead or^Ao-vanadate at the pH ran g e (7 .5 -9 .0 ). In the case of reverse titra tio n s ( fig. 1 , Curve I I ) , w hen ortho-vanadate solution was used as the titran t, the pH first increases slowly and at the end point a m arked ju m p in pH was observed, corresp o n d in g to the m olar ratio of PbO : V 20 5 as 3 : 1, confirm ing the fo rm atio n of the sam e com pound (3 P bO 'V 20 5) according to the equation.
3 Na20 • V20 3 + 3 Pb (N 0 3) 2 = 3 PbO • V20 5 + 6 N aN 0 3 . E m ploying sim ilar concentrations of reactan ts, both the direct and reverse e.m .f. (Fig. 2 , Curves I and T he course of this reaction was also follow ed by m eans of potentiom etric and conductom etric titra tions. A sharp b reak in titra tio n curves (figs. 2 -3, C urves III -IV) was obtained at a point co rresp o n ding to the form ation of lead pyro-vanadate.
Meta-vanadate titrations:
The solution of sodium m eta-vanadate was p repared as described earlier and its reaction w ith lead salt has been investigated by perform ing pH , e.m .f. and conductom etric titra The feeble breaks obtained in reverse co n d u cto m etric titratio n s curves ( fig. 3 , Curve V I) as a con sequence of the appreciable increase in conductance values in initial stages of titra tio n indicate clearly the liberation of highly m obile H ions and provide strong support to the observations noted in reverse pH and e.m .f. titrations.
The reaction between lead n itrate and alkali polyvanadate has also been studied, b u t the curves do not exhibit any appreciable b reak or inflection at the stoichiom etric end point. T his m ay be ascribed to (I) small difference in the pH values of reactan ts (II) the presence of N a N 0 3 in appreciable am ount in po/y-vanadate solution, preventing the occurence of breaks in the conductom etric titra tio n curves.
It is observed th at after each ad d itio n of the titran t, it takes a little tim e fo r the pH, e.m .f. and conductance values to becom e steady. T h o ro u g h stirrin g in the vicinity of the end p o in t has a favourable effect. Each titra tio n takes half an h o u r for com pletion.
It is ap parent from the present study that the lead salt w ith different alkali vanadates yields c o r responding salts by meta thesis, nam ely lead ortho 3 P b 0 'V 20 5, pyro-2P bO • V 20 5 and meta-VbO' V 20 5 vanadate at pH ranges 7.5 -9.0 , 5.7 5 -7 .25, 4.25 -5.25 respectively.
